I propose a Schumpeterian analysis of the e¤ects of a de…cit-…nanced cut of the tax rate on distributed dividends. I develop a very tractable model that allows me to study analytically transition dynamics and welfare, and complement the qualitative results with a quantitative assessment of the Job Growth and Taxpayer Relief Reconciliation Act (JGTRRA) of 2003. I …nd that the JGTRRA produces lower steadystate growth despite the fact that the economy's saving and employment ratios rise. Most importantly, it produces a welfare loss. The mechanism that delivers these results is that the tax rate on distributed dividends distorts the returns to investing in the growth of existing product lines and in the development of new product lines. The quantitative exercise suggests that the JGTRRA will reduce welfare by 19.34% of annual consumption per capita, a substantial e¤ect driven by the fact that the steady-state growth rate falls from 2% to 1.08%.
Introduction
The dividend tax cut enacted in 2003 with the Job Growth and Taxpayer Relief Reconciliation Act (JGTRRA) has generated a heated public debate and prompted a new wave of research in public and corporate …nance. Supporters argue that the Act has reduced the corporate cost of capital and thus raised investment, growth and employment. Critics focus on its distributional implications and on the budget de…cits that it is has generated, given the government's failure to reduce public spending.
As a large-scale experiment in …scal policy, the JGTRRA provides a unique research opportunity for modern growth economics since one of the central ideas -perhaps the central idea -driving the …eld is precisely that policy matters. The theory of endogenous innovation, in particular, has produced novel analytical insights that appear well-suited to make a signi…-cant contribution to a debate spurred by a drastic change in the taxation of corporate-source income, and heavily loaded on both sides with arguments that rely on notions of entrepreneurship, corporate behavior, and their effects on innovation, job creation and growth.
In this paper, I propose a Schumpeterian analysis of the e¤ects of a de…cit-…nanced cut of the tax rate on distributed dividends. I develop a very tractable model that allows me to study analytically transition dynamics and welfare in response to changes in tax policy. I then calibrate the model and carry out a quantitative exercise that allows me to assess the magnitude of the e¤ects. I …nd that the policy produces lower steady-state growth despite the fact that the economy's saving and employment ratios rise. Most importantly, the policy produces a welfare loss.
The apparently contradictory behavior of saving and growth, and the pivotal role of product variety in determining the sign of the welfare e¤ect, is a quite natural implication of the latest vintage of Schumpeterian models that sterilize the scale e¤ect through a process of product proliferation that fragments the aggregate market into submarkets whose size does not increase with the size of the workforce. 1 This approach allows one to introduce pop- 1 First-generation endogenous growth models feature a positive relation between aggregate market size and growth that results in a positive relation, not supported by the data, between the scale of aggregate economic activity and the growth rate of income per capita. Several contributions proposed solutions based on product proliferation: Peretto (1998 Peretto ( , 1999 , Dinopoulos and Thompson (1998) , Young (1998) , and Howitt (1999) . See Howitt (1998, 2006) , Dinopoulos and Thompson (1999) , Jones (1999) , Peretto and Smulders (2002) for reviews of the various approaches and of the early empirical evidence. This version of Schumpeterian theory has recently received considerable empirical support in Ha and Howitt (2006) , Laincz and Peretto (2006) , Sedgley (2006) , Ulku (2007) and, ulation growth and elastic labor supply without generating counterfactual behavior of the growth rate. It also implies that fundamentals and policy variables that work through the size of the aggregate market have no growth e¤ects, whereas fundamentals and policy variables that reallocate resources between vertical (quality/productivity) and horizontal (variety) innovation do have long-run growth e¤ects.
The mechanism that delivers my results, then, is that taxes on corporatesource income -in particular distributed dividends -distort the returns to investing in the growth of existing product lines and in the development of new product lines, and thus reallocate resources across activities that have di¤erent long-run growth opportunity. The feature that drives this di¤erence in growth opportunity is a …xed operating cost per product line that draws a sharp distinction between the two dimensions of technology space. Speci…cally, steady-state growth driven by product variety expansion cannot occur independently of population growth because the …xed cost per product line implies that at any point in time the size of the workforce constrains the feasible number of product lines. In the vertical dimension, in contrast, steady-state growth is feasible because improving product quality does not require the replication of …xed costs. 2 Given the model's tractability, I …rst provide analytical results on the growth and welfare e¤ects of dividend tax cuts. I then undertake a quantitative analysis to assess the magnitude of these e¤ects in a speci…cation of the policy change that replicates the JGTRRA. The …rst exercise develops insight on the model's mechanics that helps substantially in the interpretation of the quantitative results.
In the qualitative analysis I posit that the government uses lump-sum taxes to balance the budget, holds constant the fraction of GDP allocated to (unproductive) public expenditures, and reduces the tax rate on the dividend income earned by households. The results apply to the case of public debt since Ricardian equivalence holds so that what matters to agents is the present value of the tax liability, not the timing of taxation. The economy's response to the tax cut is as follows.
The saving ratio jumps up and then converges from above to a permanently higher value.
The employment ratio jumps up and then converges from above to a permanently higher value.
especially, Madsen (2008) .
The higher investment sustained by the higher saving and employment ratios does not necessarily translate into an acceleration of income per capita growth because the …nancial market reallocates resources from quality growth to variety expansion. Growth accelerates if the latter produces su¢ ciently high aggregate productivity gains through specialization that compensate the slowdown of quality growth. This reallocation, moreover, is in the direction of the low long-run growth opportunity activity so that growth accelerates, if at all, only temporarily and the economy converges to a steady state with lower growth.
The higher saving and employment ratios have a cost in terms of foregone consumption and leisure. Similarly, the lower steady-state growth has a cost. If the contribution of product variety to aggregate output is small, the expansion of the mass of …rms induced by the tax cut does not o¤set these costs and welfare falls. If the contribution is su¢ ciently large, instead, welfare rises.
Why does the dividend tax cut trigger such a reallocation of investment e¤ort? The answer is that the lower tax on dividends implies that …rms can deliver to stockholders (savers) their reservation after-tax rate of return with a lower pre-tax rate of return. The question, then, becomes how the market generates such lower pre-tax return. The answer turns around two key relations. One is the relation between the cash ‡ow of the …rm and the pre-tax return it generates, which re ‡ects the fact that since R&D is a …xed, sunk cost there are increasing returns internal to the …rm. The other is the relation between cash ‡ow and growth of the …rm, which stems from the no-arbitrage requirement that the returns to quality growth and variety expansion be equal. The intuition behind this relation is simply that the return to the creation of a new product line -with the associated creation of a new …rm bearing its own …xed operating cost -is more sensitive to market size than the improvement of quality within an existing product line, which does not require the replication of …xed operating costs. The joint operation of these relations yields that, in equilibrium, delivering a lower pre-tax return implies slower quality growth.
In the quantitative analysis I posit that the government reduces the tax rate on the dividend income earned by households from 35% to 15% and the tax rate on capital gains from 20% to 15% and …nances the revenue shortfall with debt. This replicates the provisions of the JGTRRA and its de facto implementation in 2003. I …nd that the model's transition lasts about 30 years. The saving ratio rises on impact from 0.167 to 0.33 and then falls gradually to 0.202; the employment ratio rises from 0.33 to 0.388 and then falls gradually to 0.338; the growth rate of income per capita drops on impact from 0.02 to 0.012 and then falls further to 0.0108. Overall, the JGTRRA produces a welfare loss of 19.34% of annual consumption per capita. To check robustness, I do some sensitivity analysis with respect to important parameters of the model. I also compute the welfare change for a hypothetical, extreme version of the JGTRRA that totally eliminates taxation of dividends and capital gains and …nd that it would produce a welfare loss of 24.03% of annual consumption per capita. These results obtain in the baseline version of the model where social returns to product variety are zero.
Things do not change much when I allow for positive social returns to product variety. A mild degree is su¢ cient for the JGTRRA to deliver an initial growth acceleration but no matter how strong social returns to product variety the sign of the welfare change remains negative. Speci…cally, with elasticity of aggregate output with respect to product variety equal to just 10% of the elasticity with respect to labor, the initial contribution of faster variety expansion cancels out with the slowdown of quality growth so that the overall growth rate of income per capita does not jump on impact; for values of the product variety elasticity larger than 10% of the labor elasticity, the model produces an initial, temporary acceleration of income per capita growth. For example, if the producy variety elasticity is 50% of the labor elasticity the growth rate jumps initially from 2% to 2.25%. At 16.94% of annual consumption, the welfare e¤ect is smaller in magnitude but still dominated by the fall of long-run growth and the rise of the long-run employment and saving ratios.
This paper contributes to the recent literature on the tax policy implications of Schumpeterian growth models. The insight that tax instruments can be sorted in two classes according to whether they have or do not have growth e¤ects is developed contemporaneously and independently in Zeng and Zhang (2002) and Peretto (2003) . One limitation of those studies is that they consider steady states only and thereby ignore welfare. Peretto (2007a Peretto ( , 2007b extends the analysis to include transitional dynamics and thus allow for the calculation of the welfare e¤ects of changes in the structure of taxation. Peretto (2007b) , in particular, focuses on corporate taxes and develops some of the main ingredients used in the analysis undertaken here. That analysis, however, focuses on revenue-neutral changes in the structure of taxation (in a model with no lump-sum taxes or government debt), a feature that produces interesting insights about hypothetical reforms of the tax code but limits its relevance for the JGTRRA. (Moreover it is only qual-itative, with no attempt at calibration.) The main innovation of this paper is that I allow the government to …nance the dividend tax cut with debt. Consequently, the analysis applies directly and explicitly to the JGTRRA, an actual, real-world experiment in …scal policy.
I organize the paper as follows. Section 2 sets up the model. Section 3 characterizes equilibrium dynamics and the steady state. Section 4 carries out the qualitative analysis of cuts in the dividend tax rate. Section 5 calibrates the model and studies its quantitative implications. Section 6 concludes.
The model
The economy is closed. To keep things as simple as possible, there is no physical capital. 3 In particular, I construct a model where the household's portfolio contains securities (shares) issued by …rms and backed up by intangible assets accumulated through R&D. Thus, the dividend income earned by households stems from vertical (quality) and horizontal (variety) product di¤erentiation.
Final producers
A competitive representative …rm produces a …nal good Y that can be consumed, used to produce intermediate goods, invested in R&D that rises the quality of existing intermediate goods, or invested in the creation of new intermediate goods. The …nal good is the numeraire and I set P Y 1. The production technology is
where N is the mass of non-durable intermediate goods. These goods are vertically di¤erentiated according to quality: the productivity of L i workers using X i units of good i depends on the good's quality, Z i and on average 3 More precisely, there is no capital in the usual neoclassical sense of a homogenous, durable, intermediate good accumulated through foregone consumption. Instead, there are di¤erentiated, non-durable, intermediate goods produced through foregone consumption. One can think of these goods as capital, albeit with 100% instantaneous depreciation. In accordance with the principles of optimal taxation I posit no taxes on purchases or sales of intermediate goods. Introducing the traditional notion of physical capital in this structure complicates the analysis without changing the basic results. 4 This formulation posits zero social returns to variety because they play no essential role in the characterization of the decentralized equilibrium dynamics. I relax this simplifying assumption in Section 4 where I analyze the growth and welfare e¤ects of the JGTRRA.
The …rst-order conditions for the pro…t maximization problem of the …nal producer yield that each intermediate producer faces the demand curve
where P i is the price of good i. Let W denote the wage rate and L = R N 0 L i di denote aggregate employment. The …rst-order conditions then yield that the …nal producer pays total compensation
to intermediate producers and labor, respectively.
The corporate sector
The typical intermediate …rm operates a technology that requires one unit of …nal output per unit of intermediate good and a …xed operating cost Z. The …rm can increase quality according to the technology
where R i is R&D investment in units of …nal output.
To construct the …rm's objective function, I adapt the formulation in Turnovsky (1995, Ch. 8 and 11) of a dynamic macro model that incorporates the "New View" in corporate …nance and public economics according 4 This speci…cation, borrowed from Peretto (2007b) , modi…es the augmented Schumpeterian model without scale e¤ects developed by Aghion and Howitt (1998) to make it better suited to my purposes and yet leave the core mechanism essentially unchanged. The …rst is quality spillovers across goods, i.e., < 1. This allows me to work with symmetric equilibria that feature creative accumulation, whereby all incumbent …rms do R&D, as opposed to creative destruction, whereby outsiders do R&D to replace the current incumbent. (I discuss reasons why the creative accumulation model is better suited to study the role of corporate taxation policy in Peretto 2007b .) The second modi…cation is that quality enters with exponent 1 , instead of 1, because my intermediate producers face a unitary marginal cost of production in units of the …nal good, instead of a marginal cost in units of (physical) capital proportional to their quality level. Both approaches imply that quality enters the reduced-form version of (1) as labor augmenting technical change. Not surprisingly, they produce identical results.
to which …rms …nance investment internally and distribute the residual income as dividends. 5 Speci…cally, the …rm's gross cash ‡ow (revenues minus production costs) is
I assume that R&D is not expensible. 6 The …rm then pays total taxes t i , where t is the corporate income tax rate. It follows that
is the after-tax dividend distributed to the …rm's stockholders. Next, I de…ne the after-tax rate of return to equity as
where V i is the price of …rm i's shares, t D is the tax on distributed dividends and t V is the tax on capital gains. In equilibrium r must equal the rate of return to saving obtained from the individual's maximization problem (see below) and thus is the same across …rms. Integrating forward, this equation yields the after-tax value of the …rm
where r (t; s)
dv is the average interest rate (return to saving) between t and s.
The …rm chooses the time path of its product's price and R&D in order to maximize the objective function above subject to (2) , (3) and (4) . The …rm takes average quality, Z, in (2) and (4) as given. The characterization of the …rm's decision is straightforward and in symmetric equilibrium 7 yields 5 There is an alternative "Old View"that holds that corporations …nance investment by issuing new shares. I work out the results under the New View since there are theoretical and empirical reasons to think that it is more relevant. (I discussed these reasons in detail in Peretto (2007b) .) In an Appendix available on request, I sketch the model under the Old View and show that the mechanism driving growth remains the same. 6 This assumption is not realistic since many countries (e.g., the U.S.) grant full expensibility of R&D costs. However, it does not a¤ect the main results while it simpli…es many of the expressions in the paper and allows me to draw a sharp distinction between taxation of corporate pro…ts and distributed dividends. See Peretto (2007b) for a detailed analysis of what happens under partially or fully expensible R&D in a model of this class. 7 See Peretto (1998 Peretto ( , 1999 for a discussion of the conditions under which it is reasonable to work with symmetric equilibria in models of this class. These conditions essentially the rate of return to quality innovation (see the Appendix for the derivation)
Observe that this return does not depend on the tax on dividend income. The reason is that the …rm treats dividends as a residual and thus taxation of the dividend income received by the stockholder does not a¤ect its internal production/investment decisions. I now characterize the birth of new …rms. Setting up a …rm at time t requires Z units of …nal output, where > 1. 8 Because of this sunk cost, the new …rm cannot supply an existing good in Bertrand competition with the incumbent monopolist, but must introduce a new good that expands product variety. Notice that for simplicity I assume that new …rms enter at the average quality level. To …x terminology, I shall refer to the introduction of new products that expand the variety of intermediate goods and are brought to market by new …rms as "entry".
New …rms …nance entry by issuing equity. Entry is positive if the value of the …rm is equal to its after-tax setup cost, i.e., if the free-entry condition V i = Z holds. The post-entry pro…t that accrues to an entrant is given by the expression derived for the typical incumbent. Hence, the value of the …rm satis…es the arbitrage condition (6) . Taking logs and time derivatives of the free-entry condition, substituting into (6) and imposing symmetry yields
Observe that this rate of return decreases with t D .
reduce to the two requirements that: (a) the …rm-speci…c return to quality innovation is decreasing in Zi (see the Appendix); (b) entrants enter at the average level of quality Z (see below). The …rst implies that if one holds constant the mass of …rms and starts the model from an asymmetric distribution of …rm sizes, then the model converges to a symmetric distribution. The second requirement simply ensures that entrants do not perturb such symmetric distribution. 8 The R&D technology (3) says that achieving quality level Z within an existing product line has a cumulative cost of Z. If we assume that entrepreneurs have access to the same technology in the creation of a new …rm, then it is natural to write the cost of creating a new product line with initial quality level Z as Z. However, entrepreneurs have to pay additional setup costs that incumbents have already paid. If these costs are also proportional to Z, then it is natural to write the total entry cost as Z, > 1.
Households
The economy is populated by a representative household whose (identical) members supply labor services and purchase …nancial assets (corporate equity) in competitive labor and asset markets. Each member is endowed with one unit of time. The household has preferences
where log u (s) = log C (s) e s + log (1 l (s)) : is the individual discount rate. Initial population is normalized to one so that at time t population size is e t , where is the rate of population growth. Instantaneous utility is de…ned over consumption per capita Ce t and leisure 1 l, where C is aggregate consumption and l is the fraction of time allocated to work. measures preference for leisure.
The household faces the ‡ow budget constraint (I impose symmetry across …rms to keep the notation simple):
where s and _ s are, respectively, the level and change of equity holding in each …rm, N is the mass of …rms, D is the dividend per share distributed by each …rm, _ V is the appreciation of each …rm's equity. The government taxes labor income at rate t L , dividends at rate t D , capital gains at rate t V , and consumption at rate t C . It also levies lump-sum taxes T .
The optimal plan for this setup is well known. The household saves and supplies labor according to:
The Euler equation (9) de…nes the after-tax, reservation rate of return to saving that enters the evaluation of corporate equity discussed above.
The Government
I derive the results for the case of lump-sum taxation and no public debt because the notation is simpler. Speci…cally, the government consumes …nal goods and satis…es the budget constraint 9
I characterize …scal policy as
The public spending ratio g and the tax rates t L , t C , t , t D , and t V are …xed. The endogenous instrument is T . In the Appendix I show that the economy with public debt generates the same equilibrium dynamics as the economy with no debt because Ricardian equivalence holds. Hence, the results derived below describe the case of a de…cit-…nanced dividend tax cut where the government pays back the debt in the future.
The economy' s dynamics
In this section I …rst show how the interaction of incumbents and entrants (quality and variety innovators) in the assets market determines the relation between growth and the return to stockholding. I then turn to the rest of the economy and impose equilibrium of the assets, labor and output markets to determine dynamics. Finally, I characterize the steady state.
Equilibrium of the corporate sector
De…ne the growth rate of quality z Ẑ = R Z . (A hat on top of a variable denotes a proportional growth rate.) No-arbitrage between quality growth and variety expansion requires that their rates of return be equal. Using (7) and (8) this condition yields Figure 1 illustrates. The ‡at line is equation (7), which says that the return to quality is independent of quality growth because the R&D technology (3) features constant returns to scale. The upward sloping line is equation (8), which says that the return to entry (variety expansion) depends positively on quality growth. As one can see from the diagram, an interior equilibrium with both types of R&D exists and is stable if the entry locus (8) cuts the quality locus (7) from below. 10 There are two conditions for this situation to occur. 11 The …rst is the intercept condition
the second is the slope condition
In the remainder of the analysis I impose that the slope condition holds. This is not restrictive since > 1 and in the data t D > t V . Equations (7) and (11) characterize the instantaneous equilibrium of the corporate sector given the quality-adjusted cash ‡ow, Z , which at any point in time is determined by the macroeconomic conditions of the economy. The model admits two types of interior equilibrium:
quality growth is decreasing in Z ;
for > >
quality growth is increasing in Z .
The …rst equilibrium might surprise the reader since the literature has typically produced models with zero …xed operating costs that necessarily predict a positive relation between the growth and pro…tability of a product line. Once …rms bear these costs, however, the return to variety can be more sensitive to the quality-adjusted cash ‡ow than the return to quality, in which case an increase in the quality-adjusted cash ‡ow reallocates resources from investment in existing products to investment in new products. 12 To …x terminology, I refer to the …rst case as the lowregime and the second as the highregime. Notice how, regardless of the regime, holding constant Z a decrease in t D always lowers z. The reason is that dividend taxation does not distort the return to internal investment, see equation (7), while it distorts the return to entry, see equation (8).
General equilibrium
I now construct the general equilibrium of the economy. I de…ne the private consumption ratio c C Y and the number of …rms per capita n N e t . Rewrite the labor supply equation (10) as
The labor market is competitive and clears instantaneously so that l (c) is the equilibrium employment ratio. Next, observe that the fact that the …nal producer pays total compensation Y to intermediate producers yields N X = 2 Y . Imposing symmetry in the production function (1) and using this relation allows me to write
Accordingly, I can write
This equation shows how, given the mass of …rms per capita n, equilibrium of the labor market determines the …rm's quality-adjusted cash ‡ow.
Equations (14)- (15) characterize the supply side of the output market. Equilibrium requires
Recall that N X = 2 Y and G = gY . Using the employment relation (14), the reduced-form production function (15) , the de…nition of n, and dividing through by Y , I obtain
Notice that c + g is the overall (private plus public) consumption ratio so that 1 c g is the economy's saving ratio. Equilibrium of the assets market requires that the rate of return to saving be equal to the rate of return to investment generated by …rms. The de…nition of c, the Euler equation (9), the employment relation (14) and the reduced-form production function (15) allow me to write this condition as
Observe now that (7), (11) and (16) yield that (17)- (18) de…ne a system of two di¤erential equations in c and n only. The following proposition and the phase diagram in Figure 2 characterize the resulting dynamics.
Proposition 1 There exists a unique perfect-foresight general equilibrium. Given initial condition n 0 , the economy jumps on the saddle path and converges to the steady state (n ; c ).
Proof. See the Appendix.
The model's remarkably simple transition allows me to derive the welfare implications of dividend tax cuts in a straightforward manner. Before doing that, however, it is useful to characterize the steady state.
The steady state
I construct the equilibrium of the assets market as the intersection of the relation r = + z;
describing the reservation interest rate of savers, with the relation
which describes the rate of return to stocks delivered by …rms. The insight driving this paper emerges clearly from how one can use the relations derived above to rewrite this equation in (z; r) space.
I begin by using the de…nition of pre-tax dividend (5) and the free-entry condition V = Z to write
I then solve (11) for Z and substitute the result in this expression to obtain
Finally, I write
This locus describes the return to investment in quality and variety innovation produced by the no-arbitrage condition that the rates of return to the two activities be equal. The model's solution turns out to be remarkably simple since (9) and (20) yield the closed-form expressions: 13
Rather than di¤erentiating these expressions, however, it is more insightful to investigate the properties of the equilibrium by looking at how the investment locus shifts with the tax rates. The proposition below summarizes the results, Figure 3 illustrates.
Proposition 2 There are two steady-state equilibrium con…gurations:
> the return to investment is downward sloping in z, shifts up with t D , and shifts down with t , t V ;
the return to investment is upward sloping in z, shifts down with t D , t V , and shifts up with t .
In both cases, an increase in t D raises z and r while an increase in t lowers them. The e¤ ects of t V , in contrast, depend on which case applies: in the former an increase in t V raises z and r , in the latter it lowers them.
Proof. See the appendix.
Recall that the analysis of no-arbitrage in the previous section shows that in the lowregime instantaneous quality growth is decreasing in the quality-adjusted cash ‡ow while in the highregime it is increasing. The proposition just stated says that this di¤erence has no role in determining the sign of the steady-state e¤ects of dividend taxation.
Why does taxation of dividends raise steady-state growth? As the proof of the proposition shows, the partial derivatives of the return to investment with respect to z and t D always have opposite sign. Consequently, the locus shifts up with t D when it is downward sloping and intersects the saving locus from above, while it shifts down with t D when it is upward sloping and intersects the saving locus from below. This is no accident, of course. The reason is that in using (11), the construction of the investment locus (20) incorporates the relation between quality growth and the quality-adjusted cash ‡ow that results from the partial equilibrium analysis of no-arbitrage in Figure 1 . That diagram shows that a higher t D does not a¤ect the return to quality while it shifts down the return to entry. To restore equilibrium, resources ‡ow from variety expansion to quality growth. The key then is that accounting for the endogeneity of Z in steady-state general equilibrium does not change this outcome. The reason is that in the lowregime the return to entry is more sensitive to the cash ‡ow than the return to quality while the reverse is true in the highregime. It thus follows that in (20) the partial derivatives of r with respect to z and t D always have opposite sign. It is straightforward to see that similar reasoning explains the e¤ects of taxation of corporate pro…ts.
The rate of return generated by the …rm is related to its scale of activity since that is the variable that underpins the …rm's cash ‡ow. To see this, I now use (7) and (16) to solve for employment per …rm:
Since r is increasing in t D and decreasing in t and t V , this measure of …rm size is increasing in t D while t and t V have an ambiguous e¤ect. Notice also that …rm size is independent of t C and t L . Next, I use the free-entry condition V = Z, (15) and (23) to compute the wealth (to GDP) ratio
Very intuitively this equation says that for a given interest rate the ratio is decreasing in t and t V . If these direct e¤ects dominate the indirect e¤ects through the interest rate, then the ratio is decreasing in t and t V . Since the interest rate is the only channel through which t D enters this expression, the ratio is decreasing in t D because the interest rate is increasing in t D . Next, I substitute (14), (19) and (23) into (17) to calculate
which says that c is increasing in z , and thereby increasing in t D , if + > . This yields the sensible result that taxation of dividends raises consumption, that is, reduces the overall saving ratio 1 c g. To solve for the labor market equilibrium, I now use (14) to obtain
which is decreasing in t D , since c is increasing in t D , and in t L and t C . Finally, I can rewrite (23) as
With a little bit of tedious algebra, I can show that this expression is decreasing in t D . I can also show that n is decreasing in t , t V , t L , t C and increasing in g. With these comparative statics results in hand, I am now ready to undertake the main experiment of the paper.
A dividend tax cut: Analytical results
In the analysis below, I posit + > to study the e¤ects of the tax cut under conditions that yield the reasonable result that lower taxation of dividends raises the saving ratio 1 g c . I o¤er three remarks in support of this choice. First, this response is precisely what most economists would expect. Second, the prediction that the dividend tax cut would raise saving, investment and growth has been o¤ered as one of the strongest arguments in favor of the policy. Third, it always holds in the calibrated model. I organize this section in two parts. The …rst deals with the basic model with zero social returns to product variety. The second relaxes this simplifying assumption and shows that introducing positive social returns to product variety yields dynamics consistent with those of the basic model. Working out the two cases separately makes transparent the conditions under which social returns to product variety change the sign of the welfare e¤ect of the tax cut. Figure 2 illustrates the transition in (n; c) space. The following proposition establishes a central result of the paper.
The basic model

Proposition 3 Assume
+ > , which ensures that the relation between taxation of dividends and the economy's steady-state consumption ratio c +g is positive. Then, if the economy is in the lowregime, >
, a reduction of the tax rate on dividends …nanced with an increase in lump-sum taxes or public debt is necessarily welfare reducing; if, instead, the economy is in the highregime, > >
, a reduction of the tax rate on dividends …nanced with an increase in lump-sum taxes or public debt is not necessarily welfare reducing.
Proof. Let 0 be the arbitrary date when the government cuts t D . Refer to the phase diagram in Figure 2 . The consumption ratio c jumps down and raises thereafter to the value c < c . Accordingly, the employment ratio l jumps up and falls thereafter to the value l > l . The initial jump up in l produces an initial jump up in the quality-adjusted cash ‡ow Z . According to equation (11) , in the lowregime this change, together with the direct e¤ect of the lower t D which is always negative, produces a fall in quality growth z. The economy thereafter experiences a rising rate of quality growth that converges to the value z < z . To see welfare, use (15) to write output per capita, y Y e t , as log y (t) = log l (t) +
Without loss of generality I normalize Z (0) 1. Using this expression and the de…nition of c, I then write ‡ow utility as log u (t) = log y (t) + log c (t) + log (1 l (t)) = log + Z t 0 z (s) ds + log (l (t) c (t)) + log (1 l (t)) :
Flow utility features a tension between work and leisure. However, equation (14) allows me to calculate (I suppress time arguments to simplify the notation):
which is increasing in c. The welfare e¤ect of the tax cut then is
where U is welfare at (n ; c ) and the change in ‡ow utility along this transition is
The …rst term is negative because c (t) c < c . This re ‡ects the loss of utility due to the lower consumption ratio. The second term is also negative because z (t) z < z . Therefore, the welfare change is surely negative because the economy experiences a slowdown in quality growth as well as a loss of consumption. In the highregime things di¤er only in that the initial jump in the quality-adjusted cash ‡ow due to the expansion of aggregate market size produces a jump up in quality growth that could o¤set the direct e¤ect of the lower t D , and thereby produce a growth acceleration. If this acceleration is strong enough, and the welfare functional puts su¢ cient weight on the early part of the transition, then we can have an overall welfare increase despite the lower steady-state growth rate. This initial acceleration must o¤set also the negative e¤ect on ‡ow utility of the lower consumption ratio (which includes lower leisure).
This result deserves a few comments. The model incorporates the traditional e¤ect that people need to work harder to pay for the anticipated increase in lump-sum taxes. In addition, it incorporates the Schumpeterian quality/variety trade-o¤ investigated in the recent literature. Accordingly, the e¤ect of the tax cut depends on two margins. The …rst compares how much the economy loses from slower quality growth with how much it gains from the increase in product variety. The second compares how much the economy loses from the lower consumption and leisure with how much it gains from the increase in product variety. With zero social returns to variety, the mass of …rms per capita matters only because given aggregate variables it determines …rm-level variables and thus drives the dynamics of the interest rate and growth. It does not, however, contribute directly to productivity. The next subsection relaxes this assumption.
The economy with social returns to product variety
I rewrite the production function in (1) as 14
Proceeding as in the previous analysis, this expression yields
These social increasing returns to product variety are external to all agents so that their behavior does not change with respect to the characterization above. The only important di¤erence is that the instantaneous reservation interest rate of savers now is
where the last term captures the contribution of product variety growth to total factor productivity growth. The presence of this term complicates the algebra without altering the basic mechanism. The expression for the cash ‡ow now reads
The restriction < 1 implies that positive social returns to product variety do not overturn the market share e¤ect so that the quality-adjusted cash ‡ow remains decreasing in n. This ensures that the basic forces at work in the model, and therefore the characterization of the equilibrium dynamics, remain qualitatively unchanged. Notice that < 1 requires < 1 , that is, an elasticity of output with respect to product variety that is less than the elasticity of output with respect to labor.
The following proposition shows that the results from Proposition 1 above apply virtually unchanged to this case. I use the subscript to denote the steady-state values for the case > 0.
Proposition 4 Assume
< 1 so that < 1. Then, there exists a unique perfect-foresight general equilibrium. Given initial condition n 0 , the economy jumps on the saddle path and converges to the steady state:
Observe that the solution for c (and therefore for l ) is given by the same expression as in the case = 0. Also, recall that the characterization of the assets market equilibrium in steady state is independent of Z . Therefore, the terms n 1 and n in the expressions above do not a¤ect the solutions for the steady-state growth and interest rates, which in this case as well are z and r in (21)-(22). Thus, aside from the modi…cations of the transition dynamics just studied, the only di¤erence due to positive social returns to product variety is that they deliver a smaller mass of …rms per capita (because n < 1) without changing any other feature of the steady state.
An important way in which social returns to product variety change the model's implications for the dividend tax cut is the aforementioned contribution of product variety growth to total factor productivity growth. Equation (27) and the resources constraint (17) yield
where (11) and (16) yield
When the tax cut is implemented n does not jump while l jumps up. Consequently, the term in brackets jumps up. The previous analysis has shown that z jumps up with l in the highregime and jumps down in the lowregime. Recall also that the direct e¤ect of a reduction of t D is negative regardless of which regime applies. Hence, an important aspect of allowing for social returns to product variety is that it introduces an additional force that, at least temporarily, works against the negative direct e¤ect of the dividend tax cut and can yield an acceleration of income per capita growth for a broader range of parameters values. Given that variety expansion is not an engine of long-run growth, however, the economy exhibits at best an inverted-X time pro…le of productivity growth, whereas the initial acceleration is followed by a permanent slowdown with respect to the initial steady state. As for the case of zero social returns to product variety discussed in Proposition 3, the possibility of an initial growth acceleration makes the theoretical welfare e¤ect ambiguous.
To check the welfare implications, observe that ‡ow utility now is
The new element here is the productivity gain due to product variety, n, that increases in response to a dividend tax cut. The result in Proposition 3 generalizes as follows. (I drop the subscript since I no longer need to di¤erentiate the steady-state values below from those that apply in the case = 0.)
Proposition 5
Under the assumptions of Propositions 2-4, consider an economy in the lowregime, >
A su¢ cient condition for a reduction of the tax rate on dividends …nanced with an increase in lump-sum taxes (or an increase in public debt) to be welfare reducing is that the initial (pre-shock) steady state satis…es
I wish to stress that the proposition establishes a su¢ cient condition for the tax cut to be welfare reducing. Interestingly, this condition concerns exclusively the labor market. The reason is that the proof splits the role of the increase of product variety in two components that re ‡ect two tradeo¤s. The …rst inequality compares how much utility the economy loses from slower quality growth with how much it gains from the increase in product variety. This comparison says that the loss dominates the gain regardless of speci…c parameter values. The second inequality compares how much utility from consumption and leisure is lost in exchange for the gain due to product variety. An important feature of this comparison is that the channel linking the gain from variety to the loss from consumption is the employment ratio because the economy needs to raise employment to support a larger mass of …rms. The parameter , which regulates the response of labor supply to changes in the consumption ratio, tells us how much consumption the economy needs to give up to sustain the increase in product variety generated by the tax cut.
How strict is the second condition? Since < 1 this inequality holds if
For the period 1960-2000, the total U.S. labor input -the average hours worked per person times the employment ratio -has ranged between 0.3 and 0.36 with a mean value of 0.33. 15 The U.S. economy thus satis…es the su¢ cient condition in the proposition if The business-cycle literature typically works = 2:2. In the quantitative analysis below, I obtain the value = 1:439 from the employment equation (14) and data on the consumption ratio and the tax rates. Since either case satis…es the inequality, we conclude that qualitatively what matters for the sign of the welfare e¤ect of the policy under investigation in the economy with > 0 is whether the economy is in the low-or highregime, exactly the conclusion reached in the case = 0.
The JGTRRA: Quantitative analysis
The qualitative analysis above shows that we need to know whether we are in the low or highregime. If the economy is in the lowregime the welfare e¤ect of the dividend tax cut is negative regardless of the degree of social returns to product variety. If, instead, the economy is in the highregime the welfare e¤ect is not necessarily negative. The purpose of the quantitative work discussed in this subsection is to provide additional information on the model's transition and evaluate the welfare change due to the JGTRRA under a wide range of values of the entry cost.
The estimation of entry costs is still in its infancy. We have drastically di¤erent results according to how one thinks about these costs. Djankov et al. (2002) provide estimates of regulatory entry costs. Strictly speaking these exclude the technological component that is at the heart of this paper -recall that I think of as the cost of developing a new product and its manufacturing process with productivity level Z plus any additional cost that entrants must pay to start operations. If these extra costs are proportional to Z, we can write = 1 + , where 1 is the cost of achieving productivity level Z starting from scratch and is the additional cost due to regulations and other barriers to entry. Djankov et al. (2002) estimate that in the U.S. economy these costs are about 0.0169 of GDP per capita. We can translate this into an estimate of as follows. Since we posit the cost as proportional to Z, we can calculate Given this range of variation, and how important the entry cost is for welfare, it is wise to check the results'robustness over a wide range of values of . I calibrate the model as follows; the details are in the Appendix. It is worth emphasizing that I use equations (14), (22) and (25) to compute , , from the data concerning the …scal variables and the steady state values of the endogenous variables. Consequently, I have degrees of freedom only over , , . The …rst two are rather conventional parameters. In particular, plays the role of the traditional capital share and I set its value accordingly. As discussed, requires particular care. I also set the degree of social return to variety equal to zero, i.e., = 0, in the baseline case. I then do sensitivity analysis over the range 2 (0; 1 ). Figure 5 shows the economy's response to the JGTRRA in the baseline case. The dynamics are well behaved and the transition lasts about 30 years. The consumption ratio c falls on impact from 0.69 to 0.52 and then rises gradually to 0.655. This dynamics yields that the economy's overall saving ratio 1 c g rises on impact from 0.167 to 0.33 and then falls gradually to 0.202. The employment ratio l rises from 0.33 to 0.388 and then falls to 0.338. The growth rate of income per capita z drops on impact from 0.02 to 0.012 and then falls further to 0.0108. The last result is interesting. The economy thus calibrated is in the highregime, where the initial rise of the quality-adjusted pro…t Z should produce a jump up in z. Yet, it does not because the direct e¤ect of the change in tax rates, in particular the negative e¤ect of the cut in the tax rate on dividends, dominates in equation (11) .
The overall result is that welfare falls. In calculations not reported for brevity, I have experimented with several values of . The following table summarizes the welfare e¤ect of the policy for a few values of and three values of that stand out: = 0 because it corresponds to inelastic labor supply; = 1:439 because it is what I "estimate" from the data using the model; = 2:2 because it is common in the literature. The welfare e¤ect is in % of annual consumption per capita; a positive value means a welfare loss, a negative value means a welfare gain. (This re ‡ects the usual convention that we have a welfare loss when we need to raise consumption to make the policy acceptable to agents.) The baseline case is in boldface. An important aspect of this analysis is that when changes the whole triplet ( ; ; ) changes, since , are "estimated"from equations (22) and (25) conditional on the value of . The following table shows the relation among these parameters. As one can see, very low values of produce nonsensical results for . The reason is that when is too low the existence conditions for an interior equilibrium fail and the model cannot produce the steady-state vector (c ; l ; r ; z ) in Table 2 unless and adjust, and the adjustment, of course, does not need to make economic sense. Experimenting with several values of I found that 2 is the lower bound below which we cannot go without destroying the key properties of the model. (Speci…cally, this means violating the conditions discussed in Section 3.1 and Propositions 1-2.) Notice also how multiplying the column by the column in the table always yields numbers larger than
8125. In other words, to …t the steady-state vector (c ; l ; r ; z ) in Table 2 the model must always be in the highregime. This rules out the lowregime wherein, as we have seen, the welfare e¤ect of a dividend tax cut is necessarily negative.
One might be interested in the "pure" comparative dynamics e¤ect of a change in . One then might proceed as follows. Select = 6:55 as the baseline case; "estimate" , ; change without re-estimating , . The following table shows the welfare results. I report only values 4:5 because, given that I am not re-estimating and , for < 4:5 the existence condition for an interior equilibrium fails and the model breaks down. According to this analysis the welfare cost rises rapidly with , whereas in Table 4 it decreases with . To understand the di¤erence, recall that here each row is associated to a di¤erent vector of steady-state values characterizing the economy before the change in tax rates and that except for the baseline case the steady-state vector does not …t the data. The numbers in Table 4 do not su¤er from this problem because by construction each row is associated to the steady-state vector (c ; l ; r ; z ) in Table 2 , which is data. I now turn to the more interesting extension that allows for social returns to product variety. Recall that we are always in the highregime that potentially allows for an initial growth acceleration. It is remarkable how even a mild degree of social returns to product variety is su¢ cient to deliver an initial growth acceleration but no matter how strong social returns to product variety the welfare e¤ect remains negative. Figure 6 shows the dynamics for 1 = 0:1. This value means that the elasticity of output with respect to product variety in the reduced-form aggregate production function (27) is = 10% (1 ), where 1 is the elasticity with respect to labor. The initial fall of quality growth due to the tax cut cancels out with the initial acceleration of variety growth and the rate of growth of income per capita does not jump. Figure 7 shows that pushing the value of up to 0.5 produces a substantial growth acceleration, from 2% to 2.25% on impact, that disappears in about 10 years. (Also, the transition becomes longer than 30 years.) Figure 8 summarizes the welfare e¤ects. The solid line represents the case in which t D and t V drop to 15%, the dashed line the case in which t D and t V drop to 0%. In both cases the magnitude of the loss decreases with . The reason is that an economy with larger experiences a larger increase in the steady-state mass of …rms per capita; see Proposition 4 and observe that the percentage change in n due to the tax cut is 1 1 times the percentage change in n . This larger increase in product variety compensates more the adverse e¤ects due to the slower steady-state growth rate and higher saving and employment ratios. Interestingly, if is su¢ ciently large the complete elimination of taxes on dividends and capital gains yields a welfare gain.
Conclusion
In this paper, I have proposed a Schumpeterian investigation of the growth and welfare e¤ects of a de…cit-…nanced cut of the tax rate on dividends. To my own surprise, I found that under broad and plausible conditions the tax cut reduces long-run growth.
On re ‡ection, this result rests on a straightforward intuition: the lower dividend income tax requires …rms to reduce the pre-tax dividend-price ratio and/or the after-tax capital gain components of the return that they deliver to the stockholder in order to match his reservation after-tax rate of return. This, in turn, requires that …rms reduce the growth rate of future earnings by investing less in quality growth. Crucially, …rms are willing to reduce the growth rate of quality within each product line when overall product variety rises. This is because demand becomes less concentrated and …rms exploit less e¤ectively the cost-spreading e¤ect associated to (exogenous) …xed operating costs and (endogenous) …xed R&D costs.
The increase in product variety embodies the model's key insight that lower taxation of dividends reallocates resources from quality growth to product proliferation. But product proliferation is the activity with low long-run growth opportunity. The reason is that …xed operating costs imply that the number of products is constrained by the size of the workforce, so that in the horizontal dimension of technology space steady-state growth independent of (exogenous) population growth is not possible. In the vertical dimension, in contrast, steady-state growth is feasible because improving product quality does not require the replication of …xed costs.
This mechanism has interesting implications for welfare. The e¤ect of the tax cut depends on two margins. The …rst compares how much the economy loses from slower quality growth with how much it gains from the increase in product variety. The second margin compares how much the economy loses from the lower consumption and leisure with how much it gains from the increase in product variety. An important feature of this comparison is that the channel linking the gain from variety to the loss from consumption is the employment ratio because the economy needs to raise employment to support a larger mass of …rms. The parameters that regulate the response of labor supply to changes in the consumption ratio, then, tells us how much consumption the economy needs to give up to sustain the increase in product variety generated by the tax cut.
This analysis is particularly relevant to the current debate on the Job Growth and Taxpayer Relief reconciliation Act of 2003 (JGTRRA). One argument in support of the Act, based on conventional economic wisdom, is that the reduction of the tax rate on distributed dividends and capital gains reduces the corporate cost of capital and thereby increases saving and investment. This paper's analysis suggests that things are not so straightforward in an environment where market structure matters. The growth e¤ects of such interventions depend on how they a¤ect the …nancial market's allocation of funds between the vertical (quality) and horizontal (variety) dimensions of technological advance. The welfare e¤ects depend on the relative contribution of the two dimensions to aggregate output. An implication of this trade-o¤ is that the JGTRRA will deliver a welfare loss of 19.34% of annual consumption per capita if social returns to variety are zero. If social returns to variety are positive the magnitude of the loss is smaller. For example, with elasticity of aggregate output with respect to product variety equal to 10% of the labor elasticity the welfare loss is 16.94% of annual consumption.
Appendix
Derivation of the return to quality
The usual method of obtaining …rst-order conditions is to write the Hamiltonian for the optimal control problem of the …rm. This derivation highlights the intuition. The …rm undertakes R&D up to the point where the shadow value of the innovation, q i , is equal to its cost,
Since the innovation is implemented in-house, its bene…ts are determined by the marginal after-tax pro…t it generates. Thus, the return to the innovation must satisfy the arbitrage condition
To calculate the marginal pro…t, observe that the …rm's problem is separable in the price and investment decisions. Facing the isoelastic demand (2) and a marginal cost of production equal to one, the …rm sets P i =
. The …rm's cash ‡ow then is
and has the convenient property that
Substituting into (30) and imposing symmetry yields (7).
The economy with public debt
I now show that the economy with lump-sum taxes yields the same equilibrium path as the economy with public debt. The household budget constraint reads
where B is the stock of government bonds and the remaining notation is unchanged. For simplicity I assume no taxation of the interest income from government bonds. This setup is standard and yields the same …rst-order conditions as the case of lump-sum taxes, with the only addition that indifference between stocks and bonds requires that they pay the same after-tax rate of return. This is just another way of saying that equilibrium of the assets market requires no-arbitrage. The introduction of public debt, therefore, does not change the equilibrium behavior of the household and corporate sectors of the economy. The budget constraint for the government is
Now recall the normalization s 1, the de…nition of pre-tax dividends D = (1 t ) ( R), and substitute the household's constraint into the government's constraint to obtain
Recalling the free-entry condition V = Z, the de…nition of cash ‡ow, = (P 1) X Z, and that the representative …nal producer remunerates its factors of production according to W L = (1 ) Y and N P X = Y , this becomes
which is the resource constraint used in the text. It follows that replacing lump-sum taxation with public debt leaves the dynamical system unchanged. In other words, Ricardian equivalence holds.
Proof of Proposition 1
Equations (7), (11) and (16) yield:
Equations (14), (17) and (18) then yield the dynamical system:
where I de…ne:
The _ n 0 and _ c 0 loci are, respectively:
The steady state is:
The phase diagram is in Figure 2 . The existence condition for the steady state is that the _ c = 0 locus cut the horizontal axis to the left of where the _ n = 0 locus does:
Paths above the saddle path eventually yield zero or negative n and thus cannot be equilibria. Paths below the saddle path eventually yield zero or negative c and similarly cannot be equilibria.
Proof of Proposition 2
The sign of the partial derivative of (20) with respect to z is given by
the sign of the partial derivative with respect to t D by
and the sign of the partial derivative with respect to t by
The partial derivative with respect to t V is always negative.
Proof of Proposition 4
I follow the same procedure as in the proof of Proposition 1 to obtain the dynamical system:n
Using the …rst equation, the second becomeŝ
For the purposes of this exercise, it is useful to write the _ n 0 and _ c 0 loci, respectively, as follows:
The steady state is Figure 4 shows the phase diagram. I have two cases, depending on whether the _ c = 0 locus is decreasing or increasing, although this feature does not a¤ect the dynamics. As for the case = 0, the existence condition is that the _ c = 0 locus cut the horizontal axis to the left of where the _ n = 0 locus does. Notice that
so that existence of the equilibrium with = 0 implies existence of the equilibrium with 0 < < 1. As before, paths above the saddle path eventually yield zero or negative n and thus cannot be equilibria. Paths below the saddle path eventually yield zero or negative c and similarly cannot be equilibria.
Proof of Proposition 5
The transition dynamics in response to the tax cut feature time pro…les of c, l, and z that are qualitatively identical to those discussed in Proposition 2 for the case = 0: the consumption ratio c jumps down and raises thereafter, converging to a value c < c ; the employment ratio l jumps up and falls thereafter, converging to a value l > l ; the growth rate of quality jumps down and rises thereafter converging to a value z < z . Observe that the gain from product variety is largest at the end of the transition when n is largest, while the loss from lower consumption and the slowdown of quality growth is smallest at the end of the transition when c and z are highest. If I can show that at the end of the transition the gain from variety is smaller than the losses from consumption and quality growth, then I have that the change in utility is surely negative. In other words, if I can show that the policy reduces welfare when the transition has in…nite speed, which is when the variety gain has the maximal chance of overturning the consumption and quality growth losses, then the policy surely reduces welfare in the case of the transition with …nite speed. Speci…cally, I want to show that
Using (28) and integrating, the inequality I seek to establish is Given that > , I need to show that the expression inside the bracket is positive. Upon re ‡ection, this requires me to show that the expression (1 + ) log c 1 + c + log n + z is increasing in t D in a neighborhood of c = c . To accomplish this task, it is useful to recall equation (26), which says that the steady-state mass of …rms per capita is n = r (1 + c) ;
Therefore, I can use r = + z to rewrite the expression above as
(1 + ) log c 1 + c log c log ( + z) + z + log :
The last term is a constant independent of t D . This procedure splits utility in the sum of two components, one due to consumption c and one due to quality growth z. A su¢ cient condition for the sum to be increasing is that each component be increasing. Therefore, I have the two conditions:
The characterization of the steady state yields
Then, the second inequality is surely satis…ed because
The …rst inequality holds in a neighborhood of the new steady state if
+ > c :
Taking into account that c > c , I can rewrite this condition as
+ > c ;
which concerns the steady state that the economy starts from instead of that to which it converges after the tax cut. This condition is of course satis…ed for = 0. It is also satis…ed for = 0, i.e., = 0, which yields inelastic labor supply. It is useful to use the employment equation (14) to rewrite the inequality as
which does not require information on tax rates. The exact formula for t is the following: t = taxes on corporate income to government pro…ts with inventory valuation and capital consumption adj.
Calibration
:
The values for t D , t V before and after the policy change are the statutory rates reported in the JGTRRA. The procedure is the following. For , I used equation (14) and data on c , l , t L , t C from Table 1 
